Energie mori a oceanu




Mozné zdroje energie z more

E. dmuti — priliv a odliv (tidal power)
E. vin (wave power)

Termalni energie (OTEC)

E. morskych proudu (ocean currents)
E. morskych vétru (ocean winds)
(Gradient salinity)



Fyzikalni principy (priCiny)
Historie vyuziti energie
Technologicke principy

Celkovy potencial

Realizovan¢ a planovan¢ projekty
Vv na zivotni prostredi

Ekonomické zhodnoceni



oiiliv/odliv




Priliv a odliv

min. 5 m rozdil hladin

princip: potencialova energie vody =
Kinetickou

.......

Prilivove prehrady (tidal barrage)

e

AT LOW TIDE == AT HIGH TIDE
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1

Prilivoveé proudy (tidal stream energy)

Sluice Gates

High Water Mark
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Turbine Low Water Mark

Estuary Floor



1966 spusténa, planovan obousméerny provoz
EE, pumpovani), vyuziva se jednosmeérné (odlijgses
10 horiz. kaplanovych TU (a 544 GWh)

O prumeru 5.35 m
Figure 6.2 Aerial view of La Rance tidal scheme

L e s o o e '---:.'.-'H."ﬁ:-"'--""":".}.' i e _ ok ¥ e e -\.'\-""'\-"\-"\-'\---""'"ﬁ'_'
R R T T A e s R : ; R B A LS e A S
oS s = e . e o e R S e
: T e o S o - ¥
. o " ' "

e e
S e e
; AL R

S

L.a Rance

s o i A S T




Piiciny dmuti 1. .

Type of Force

Designation

Fc = centrifugal force due to Earth's revolution thin '(* ' N
around the barycenter aIrow

Fg = gravitational force due to the Moon heavy arrow

Ft =the resultant tide-raising force due double shafted
to the Moon amrow

Relative Magnitude

at of the Forces Present

A| Fg » Fc > F

vV I Y
C| Fg = Fc » 0
I M

W
B Fg‘iFC:}Ft

A north-south cross-section through the Earth's
center in the plane of the Moon's hour angle;

the dashed ellipse represents a profile through
the spheroid composing the tidal force envelope;
the solid ellipse shows the resulting effect on the
Earth's waters.

Centrifugalni sily

Gravitacni sily

rotace Zeme¢
2 x priliv / 24.8 hod
(24 hod 50 min)

rozdil 12.5 hodin
0.5 m oceany

rotace M¢ésice
kolem Zemé —
zpozd ovani prilivu
(50°/den)



Moon hluchy p¥iliv-dmuti
(quarter phase) ()a}y, kvadraturni piiliv)

Neap Tides Gravitacni sily Slunce ~ 46.6% sil Mésice

 Vlivem setrvacnosti a treni je nastup téchto maxim/minim
zpozden cca o 2 dny za fazemi Mesice

R : (full or new)

- Lunar Tide

Spring Tides Skocny priliv-dmuti (nejvyssi priliv)
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Historie

Stredovek — obilné mlyny na rekach (11 stol., Anglie, Francie,
Spanélsko, od 18 st. Belgie)

1930s, 1960s, 1970s — ruzné projekty — z velké Casti se
nerealizovaly

1961-1967: Francie, LLa Rance, Bretonsko (St. Malo) — 240 MW

drobné projekty (cca 1980-1985):
— Murmansk , Rusko (400kW)
— Annapolis, Nové Skotsko, Kanada (18 MW) — experimentalni
— v. Cina

nedavné projekty — zakonzervovany, opustény, neekonomické:
— Severn (UK) — 8.6 GW (6 % spotreby UK)
— Humber (Indie)

Zadna z prikopnickych zemi nepokracuje v dal$im rozvoji

Do r. 2010 se celosvétové nepocita se zapocetim dalSich staveb



Konstruk¢ni typy:

* Prehradni systémy (tidal barrage)
— Pevne hraze vétSinou s kaplanovymi turbinami (se zdrzenim vody)
— VétSina pokusu
— La Rance (Fr.)

* Prilivove proudy ( v mélkych morich)
— Prehradni hraze (tidal fence) — (bez zdrzeni vody)
— Turbinové farmy

— 5 kW (1990) Japonsko
— 10 kW (1993) UK



Prehradni typy:

Z.alozené na energii prilivu

W o/

Z.aloZené na energii odlivu (Castéjsi)

Turbiny, zdymadla, prehradni hraz
Produkce EE: 5-6 hod (vysoky priliv), 3 hod (nizky priliv)
Kratkodoba dostupnost energie (3-6 hodin/prilivovém cyklu)

Vyssi vyuziti:
— smiSeny typ 50:50
— obousmérné turbiny — horsi ucinnost, vyssi naklady (10-15 %)
— prilivové pumpy — (turbiny pracujici téz jako pumpy) — +/- vétrné
farmy
— dvojité bazény (prebytek energie vyuzit na precerpavani vody do
druhého bazénu) — vyrazné vyssi naklady
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1966 spusténa, planovan obousméerny provoz
EE, pumpovani), vyuziva se jednosmeérné (odlijgses
10 horiz. kaplanovych TU (a 544 GWh)

O prumeru 5.35 m
Figure 6.2 Aerial view of La Rance tidal scheme

L e s o o e '---:.'.-'H."ﬁ:-"'--""":".}.' i e _ ok ¥ e e -\.'\-""'\-"\-"\-'\---""'"ﬁ'_'
R R T T A e s R : ; R B A LS e A S
oS s = e . e o e R S e
: T e o S o - ¥
. o " ' "

e e
S e e
; AL R

S

L.a Rance

s o i A S T




Cibulovita turbina (LaRance)

Voda kolem generatoru
- obtiZzna udrzba
- vodotésnost

+ pumpovani ano
Distruibutor
Steady Plinth

Generator

] } Prstencovita turbina (Annapolis)

Generator mimo
- pumpovani ne

‘ Turbine Blades




generator

( gear box
rinner
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Trubkovita turbina (Severn, UK)



Prilivove hraze (ploty)
(T1dal fences)

* Vyuzivaji ptilivove proudy
* 5-9 mph
» vertikalni osa turbin

* modulové systémy

* jednotlivé moduly mohou
fungovat samostatné

» mensi dopady na ZP

* stavajici komerCni zarizeni neni
 Projekt Dalupir1 Passage
(Filipiny)




Davis Hydro Turbine

the Davis Turbine is based on the undeveloped 1927
patent on a vertical axis windmill by French inventor
Georges Darrieus

Reinvented by Canadian aeronautic and hydrodynamic
engineer Barry V. Davis,

Prototypy jiz existuji
Velké projekty v priprave (investice)



Davis Hydro Turbine W
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Dalupiri Ocean Power
Plant: 4km long tidal fence
between the islands of
Samar and Dalupiri in the
San Bernardino Strait in the
Philippines.

Phase 1: US$2.79

Phase 1-4: US$30 Billion.

Phase 1 of the project will
offset an estimated 6.5
million tons of carbon
dioxide emissions per year
based on the current grid
make up, and provide an
additional revenue stream
through sales in the newly
emerging emission offsets
markets.

Davis Hydro Turbine 'Ocean Class' 7-14 MW
units linked together to form Tidal Fence (concept
proposed for Dalupiri Strait, Philippines)

Davis Hydro Turbine



Prilivové turbiny (farmy)

* Vyuzivaji prilivove proudy 2-3 m/s
* pi'1 >3m/s nebezpeCi poskozeni

* v hloubkach 20-30 m pi1 pobiezi

* vykon 15m prilivove TU odpovida ;
cca 60m vétrné TU

» 7adn¢ komerc¢ni zafizeni Bl
o prototypy:15kW (UK) i —'-I,L-I"AH-LJ
e vytipovano 106 perspektivnich mist ~ |:| |

v EU '

» Filipiny, Indonésie, Cina, Japonsko e H | |

| “H%-
=

Operational Mode Disabled / Yawed




Celkovy potencial

* potencialova E vody = Kkinetickou
basin surface area A

high tide level *E=mgh
A LA AAAAANAASAARA * E =pAR g (R/2) okamzita PE

 E=pAR?g/2T 1za jeden cyklus
(T = doba trvani cyklu)

sea range H basin

low tide level e pravidelnost - predvidatelnost
B (proménliva vyska hladin)

*2 ¢cykly P za den (24.8 hod)
e min. 5 m rozdil hladin

baf‘rage with turbine

 uprostred oceanu: 0.5 m,
e eustarie: 3-5m usti, 10-15 m krk)



G sea level Ly e e - .~
e , H ragy, 1990)
3 N | Figure 6.25 Operation over a spring—neap tde cycle (Source: Watt Committee on Energy.
5 .
g ) - waler level in basin
.  basin
.- level - S5k . f 7
T VAN AVAVANAN, VAAVANY,
- | : ! ' "4 ° ' ' \j
il -~ Pril. ?’T’\}\j\/v\]\/\z\/ \/
= | ' ' =
2 | | Voo -
g
time of day 7
. 6 -
basin level % 5t
D | ‘?‘g‘ 4}
£ N & st )7
£ | Sea ! :\ 21
g  level | | ' I 1tk | I I7
i { i I d ( 1 . : 4 5 6
3
[ II : 1| 'l O 1 . 1 2 time/days
|
| i | ' ' -
% i | | } l 2X
1 '

* Produk¢ni Spicky vs. bezprodukcni
e obousmérny provoz
* vice bazenu

e kombinace s vétrnou energii
e Napojeni na sit’ (rozvinuté vs. nerozvinute zemc)
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Figure 6.30 Map of world tidal power sites
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Table 6.6 Potential tidal power sites (1991)

Site Area Maximum  Length Mean Turbines Annual Estimated

(km?) depth (m)  (m) range (number energy unit cost
(m) x diameter) (TWh) (p kWh1)*

Argentina and Chile

Golfo San José 788 25 7000 5.78 270 % 7.5 10.9 24

yan Julian 77 13 810 5.66 40 < 6 1.04 1.8

Rio Santa Cruz 215 32 2070 7.48 60 x 9 5.05 213

tio Coig 46 12 1800 7.86 30x6 0.61 1.9

tio Gallegos 140 12 3400 7.46 85x6 327 1.6

3ahia San Sebastian 580 30 19 300 6.5 145 x9 10 3.8

lustralia

)ecure Bay 140 50 1300 7 37 %9 2.9 3.6

Nalcott Inlet 260 75 2500 7 70 x 9 5.4 5.1

.anada

jay of Fundy 282 42 8000 LY. 106 x 7.5 1 B 2.2

wuth-east China

Jamao shan 200 24 3550 4.8 100 x 6 2.05 T

Jong’ an Dao 210 21 3900 51 100 x 6 2.26 322

antu Ao 680 35 3000 4.8 150 % 9 27 2.8

ndia

sulf of Cambay 1055 2 25 000 6.1 570 x 6 16.4 oED

sulf of Kachchh 507 18 2000 4.8 24 % 6 0.48 3

outh Korea

sarolim Bay 100 28 1850 4.8 24 x 8 0.893 4.5

sulf of Asam 130 24 2350 6.06 72 %6 2.05 3.1

Former) USSR (Sea of Okoskh)

aliv Tugurskiy 1400 30 26 000 4.74 200x9 2 4

In 1983 money terms, at 5% discount rate.

Source: Baker, 1991b)



ﬁ Wyre

\ Mersey

". _

Conwy
Lawrenny
Quay
Loughor
Nitford Seve
Haven m
1|'r Taw : \dae
: lllllllllllllllll Tor
: Padstow
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UK: 40% EU
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Vliv na zivotni prostredi

? neni dobre prostudovan

? ekosystém (ptaci, ryby, ... ..... pravdépodobné
zména spolecenstev)

? snizeni obsahu pevnych castic ve vodé (vyssi
prostupnost svétla, prokysli¢eni)

narusSeni sedimanetace

? omezeni rozsahu zaplavovaného uzemi

? lodni doprava

+ dopravni komunikace

+ zaméstnanost

vice menSich projektu vs. jeden velky projekt



Ekonomika

o
vysokeé investicni naklady (neochota pro statni podporu)
»sinusoidni* charakter produkce EE

moznost predikce produkce EE — plany,

spiSe vliv aspory fosilnich paliv

,load factor* :

= prilivové (23 %), hydrelektrarny (40%), tepelné—uhli (63%), jaderné (74%),
geotermalni (90%)

IRR: 6-8 % (nizky pro podnikatelskou sféru)

V horizontu 20-let — vysoké naklady na jednotku EE (3BECU/kWh, 1991)
Témér neomezena zivotnost (turbiny 40 let, zarizeni > 120let)

Celkovy svétovy potencial: 300 TWh/rok

prilivové proudy — projekt EU — Mesinska uzina (Sicilie/Italie)



nergie z moiskych vin




Historie

1973 ropna krize — rada projektu — po 10 letech utlum

projekty a matematické modely, laboratorni modely a
provozni prototypy (Japonsko, Norsko)

1990s — EU — oziveni projektu
Nyni vice jak 400 patentu a asi 8-10 zakladnich variant
konstrukce a projekty jsou ,,site-specific*

v soucasné dobé perspektivni zdroj pro isolované komunity bez
jinych zdroju



Area Yearly wave efficiency
degree avarage, kW,/m

Baltic Sea (Hoburgen ) 7

south Greece 20
West India 30
West Norway 40
Namibia 45
Morthwest Spain G0
West Ireland 70

Midway Island (Pacific Ocean) 100



North

America
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5 10~ ~ 15 m/sec

Wind speed

Wind wave

‘ fetch I




\ " A 4" 4 y 4

Vznik a sireni vin na mori

komplikované vztahy:

* pohyb vétru nad vodni hladinou vyvolava
tangencialni napéti, které produkuje viny

* turbulentni proudéni v blizkosti vodni hladiny —
strizné napéti, variace tlaku = propagace vin

* 0d urcité velikosti vin, vitr znasobuje tlak na vinu a
umoznuje jeji dalsi rust

* terminologie:

* vySka viny a délka viny

* rychlost, perioda, frekvence



sea bed

) L | e« orbitalni draha ¢astic vody se do
mean water level hloubky exponenciilné zmensuje.

* 95 % energie vin lezi v intervalu od
povrchu do hloubky odpovidajici Y4
vySKy viny

* blizko pobrezi se energie vin ztraci
(az na 20-30 %)

sea bed




lines of
constant wave
power kWm™1

waves of equal
gradient or slope
H/L

2
2

12 21736 39 24 12

3-89--22_42 20 13
time/s ° ———

‘ 1200
2 0
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1 ]r' max. slope
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« H ... vysSka viny

T ...perioda (frekvence = 1/T)
 V ... rychlost viny;

D ... hloubka vody

Energie vin

p = 1025 kg.m™ LR DN

V = gT/2n (hluboke vody; V(m/s) = 1.5x T(s))
V = (gD)~? (m¢lké vody; pro D< 1/4L )

P (W/m) = (pg’H*T) / (32 )

P (KkW/m) ~H2T



Klasifikace zarizeni
vyuzivajicich enerqii vin:

* dle upevnéni: (fixni vs. plovouci)
* dle umisténi vzhledem k pobrezi (onshore vs. offshore)

e dle mechanismu:
— kineticka e. vody = potencialni e. vody (TAPCHAN)

— kinetické e. vody = Kineticka e. vzduchu (OWC)

— Kinetickeé e. vody = Kkineticka e. kapaliny
(hydraulicke sys. — boje)
— ostatni (kombinované typy)



Norsko, 1985, ostrov 40 km

Z. od Bergenu, 350 KW TAP CHAN
Casti: kolektor, reservoar (tap ered Channel)
(rovnomérnost produkce EE), ( Zﬁien}’, kanél)

kaplanova turbina (maly spad)

Princip: konverze Kinetické
energie vin na potencialni
energii vody (rozdil hladin asi 3 e
m) Ghanrtell__ !
Omezeni: misto s vysokou |
energii vin, hluboka voda blizko
pobrezi, priliv-odliv <1 m
vysSKky

Vyhody: jednoducha

konstrukce, nizké provozni
naklady




W [ - S U I

. Waves in
. Water basin
. Water exhaust through h.:rb-rl'{i;:

. Ballast water tanks
. Electricity-producing gEnEmtc:r,

powered by the turbine

- %-ﬂ;%ﬁ- ;ﬁ‘
Seapower® (UK-Pol) =




Oscilating water column (OWC)

Skotsko 1989, projekt 150
kW, instalovano 75 kKW

princip pistu (vzduchovy
sloupec v betonové
konstrukci)

., Wellsova turbina® —
rotuje stale jednim
smeérem, bez ohledu na
smér proudéni vzduchu
nevyhody: velké ztraty (az
50 %) vlivem nerovneho
dna

K —

R —

.

Wells turbine turns in same direction
irrespactive of airflow direction

Incoming wave forces
agir out of OWC

."FF.

Retreating wave sucks
air back inte OWC

-




two-directional axial air flow

generator

rotor

direction of
rotation
(unidirectional)

symmetrical
aerofoil
blade profile

Figure 8.15 (a) Wells turbine: airflow and blade velocity: ;

A , FeG. ocity; (b) Wells turbine:
relative air velocity and lift and drag forces; (c) Well ine: in the
plane of rotation 9 ; {c) Wells turbine: forces in the

~ blade velocity |
- ' . direction
(e

air flow
velocity N

(a) .

(b)

- e =

e\
component of the lift force F; acting in the d _
plane of rotation =f°’W3'dﬂ"ﬂlSt=F,_slna m’:‘glmmm-Fomuh

()




iqure 8.16 (a), (b) and (c) Principle of operation of a shore-mounted OWC

(b)

generator




,,Mi1ghty Whale*
Japonsko, JAMSTEC
Semimobilni OWC

3 odd¢€lene komory
testy 1998-2000 (?)

5 o EFR Y Y T

L — R -
T
L



OWC

A
e
©
=
Q
c
<))
(@)

wave direction

OWC wave energy converters

isting of a row of NEL

ure 8.18 A breakwater cons




optional 1.5 MW

wind turbine __ power
_/ module .
; !rilgmgatlon — deflector hoods
submarine cable / ‘\\
connects Osprey /Sffpower module
to electricity grid ﬁ
2MWrated——— — / generator | ; ‘ advanced Wells turbines
s ——n o1 e spin in the same direction
/ L ﬁg?fﬁmr } despite the air flow direction
— Wwater leve '
—___isolating butterfly valve
/L collector 9 Y
chamber
collector body
sea level
;"“—-’}N"——-”'{M“-—"A"ﬁ-—'—"’ e -“"ﬁ"‘“-u__pf'f\":-._p-"h" &,fhh-&-hfh.ﬂ_gﬁuﬂ_whﬁ
£ air forced up or FHEHHH I aHE R
= =e5 sucked down i
" depending | i _F;:jllk_ﬂ_ﬁt.
3 _ on wave action o HE 7o
£ : * et R L
seabed : H : watgr_entfy i ”-ma_t_s
waves channelled
into collector :
chamber within ggng;; E{gg o
Osprey ;
' ?0"223[,3?“’“ igure 8.28 (Above) ART’s OSPREY bottom standing OWC (OSPREY stands

i Ocean Swell Powered Renewable Enerqgy)

OWC



steel structure




Kyvadlove (pistove) systemy

Boje
Mola

Pneumaticke systemy

Hydraulicke systemy



Fi 8.1
Kyvadlo (Pendulor) Jg:i':e 9 Japanese pendulor

. . _- '--hyd'rauli.c.- .
+ Kyvadlo rectifier ~ cylinder

* design vzdy jen pro
jedno optimalni
rozpéti vin

FPendulor Device
Hydraulic Pump

- pitert | pandulum """" _ca:sson

Pendulum

caison - ;f?if _________ concept ;ﬁuﬂf%;ygﬁféif



*Plovouci konstrukce (offshore)
* boje, mola = hydraulicky systém




DIAGRAM REFPRESEMTATIVE OFFSHORE WAVE ENERGY DEVICES

CWF Float

e e NIV N

Float

""" Maon Keturn Valve

Fump & Generator — —

.

Concrete Body — "

SeaBHed

Hosepump

Hosepump

Compressed Sea Water to Generataor

o

L Anchar



%iuck motion in waves

e s buoyancy
| d| rection ks

duck body

Duck rotates with
rodding molian
A9 wave SASSES

Flxad central $&ction

Salter Duck,
Odr. 1980




Pelamis — hydraulicky systém




principal wave direction o | _

: | i _ 4 m typical
' excursion of
cylinder

hydraulic
collecting
mains

submarine

cables to

; next platform
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Figure 8.26 The pitching and surging Frog wave energy converter
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Offshore airports, o1l and gas production facilities, floating Islands,
mobile offshore military bases, additional real estate for coastal
cities, floating harbors, floating breakwaters, are just some of the
possible uses of this new technology.

The PSP has a number of important features:

[t uses air movement to reduce wave loads and distribute them
throughout the platform

o[t extracts energy from ocean waves that can be used to make
electricity.

o[t attenuates the waves leaving a calm surface that permits
adjacent ship berthing.

[t has a relatively shallow draft and low adjustable freeboard.
Compared to most large open-ocean platforms:

It has a significantly greater deck load capacity.

oIt 1s less costly to build and maintain.

o[ts performance improves with size.



Archimedes Wave Swing (AWS)

Jediny zcela ponoreny systém (bez
visualniho impaktu, pouze omezeni plavby)
Odhad: na ploSe 10x10km ... X00MWe

Dva cylindry, vnitini pevny (tixni se dnem), s,
vnéjsi obsahuje magnety, vnitini vinuti = B
linearni elektricky generator '
Vzduchova vypln funguje jako (tlumic-
pruzina), nasobi ucinky vin

1993 — prvni 1dea
1995-2001: modely 1:50 az 1:2
2004 — prvni prototyp

Projekt Portugalsko (Lexious), dotovano
statem, vykupni cena EE 0.23 E/kWh | o v

2007 sériove testovani (pre-commercial
stage)

Concent of the AWS



The size of projects can expand to several
hundreds of MW in only a limited
area.

The AWS has many advantages:

1. ltis invisible (below sealevel)

2 Only small restricted area for fishing
(it is a point absorber)

3. Very low environmental impact

4. Power output is predictable several

5

6

nours in advance

_ow installation cost (no crane
barges needed)

Low maintenance (only one moving
part and no gearbox)

High power per unit (up to 5-8 MW)
Will besupplied by large
multinationals

@ N
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EKOLOGIE: Emise — vlnove systemy obecné

Parameter Value
Emission factor - COZ (kg TJ) I
Emission factor - 502 (kg TJ) I
Emission factor - NOx (kg TJ) I
Emission factor - Particulates (kg./TJ) I
Emission factor - VOCs (kg / TJ) I
Emissions during construction - CO2 (kg / TJ) atakAl
Emissions during construction - 502 (kg / TJ) ar
Emissions during construction - NOx (kg / TJ) 20

Wiith so many different designs, the above data should be taken only as indicativ e

- visuelni dopad
- pienos energie na delSi vzdalenosti (ztraty, poSkozeni)



Celkove vyhledy - viny

Problematické vyuziti

Nadéjné zejména pro isolované objekty bez jinych
zdroju energie

malo perspektivni v kratkodobém horizontu

Nové technologie hledaji investory

Mozny prulom (dotace, jednoduchost)



WAVE ENERGY DEVICE CHARACTERISTICS

Parameter 1980 1985 1990 1995 2000 2005 2010
Typical unit size (W) 2 3.5 3.5 3.5
Auvailability factor (%) 44 H7 o7 H7
Cperational [oad factor (%) b4 3 = i
Self consumption rate {nduction gen anlyd AR output) 1] 0 1] 1]
Construction time fvears) =1 =1 =1 =1
Economic lifetime fyears) a0 a0 30 30
Capital cost (ECLUT 9901k [owest 1600 1470 1400 1400
Cperation and maintenance cost (ECLITT 990k a2 45 45 445
Fuel cost (ECLUI 990)/kh Mone Mone Mone Mone

Cost of energy derived from above data, using 8% discount rate (ECLI ) 0.0a 0.07 0.0k 0.0k
ELlinstalled capacity (TwWWhivear) 1] 1] 1] 1] 1] 0.1 0.44
World installed capacity (Twhhvear) 1] 1] 1] 1] 1] 1 a.4

Soudrces [LIK3] and [LIKE]

Given the wide range of wave power devices and wave climates, the above costs should be taken as representative.







OTEC -1Uvod
Latitude 4'-‘|-EI E BOE 1 E 160°E 160°'W 120W 80W 40W O'W
T | 1

el
40°N =7 ! | ety
20°N %ﬁ" . .J_T 1% :ﬁ.:'l—‘—f
B Wy s e B, S~ S PR
Termalni gradient 20- =T/ iaen ST — 28
25°C, hloubka <1000m o o TP AT
®) Temperature difference between surface and depth of 1000 m
(5_6 C) Less than 18°C | 22" to 24°C
18" to 20°C B More than 24°C
20" to 22°C | """" Depth less than 1000 m

Tropicka oblast (mez1 20°s./j. Sitky (USA, Australie, 90
teritorii)

Tropicke vody denn€ absorbuji solarni energn
odpovidajici as1 250 mil barelu ropy

Celkovy potencial mori: 1013 W

ucinnost (Carnotuv cyklus = 6% teor., skute¢na = 2-3%)

Pumpovani velkého mnoztsvi vody (20-40% celk E)



OTEC — uzavieny cyklus
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Electricity

Sun Drinking
Desalinated water
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OTEC - Historie

1881 Jacques D’ Arsonval (Fr) = 1dea, uzavieny cyklus NH3

1930 Georges Claude (Fr), Kuba, Matanzas, 22kW, otevieny cyklus
1935 —*“—, Brazilie, nakladni lod’ /10kt/ = oba zniCeny bouri

1956 projekt na Z Afriky (Fr) = nerealizoval se

1974 NELHA (Natural Energy Laboratory of Havai), Keahole Point

1979 NELHA 50kWe ,,Mini-OTEC*, uzavieny cyklus, na lodi
— produkce (celkova = 51kWe, Cista = 15kWe)

1981 Japonsko, Rep. of Nauru, Pacific, 100kWe uzavieny cyklus,
na zemi, z 580m hloubky, Ti-komponenty, freony, 40kWe Ciste
produkce

1984 ,,flash* jednotky s u€innost1 97 % (puvodné 70-80%), USA
(DOE)

1993 NELHA, Havai, S0kWe Ciste produkce
1999 NELHA, prototyp demontovan




OTEC - Technologie

e Umisténi:
— Na pevning (,,inshore®)
— Pevn¢ konstrukce na Selfu (,,nearshore®, do 100m hloubky, ploSiny)

— Plovouci zafizeni (,,offshore)

* Dle zpusobu konverze tepelné energie
— Otevreny cyklus (,,flash* — vakuova vaporizace, pi1 2.4kPa), EE+H20
— Uzavreny cyklus (NH3), EE
— Hybridni cyklus (flash produkce pary, ktera dale ohtiva NH3), EE+H20

 Komponenty:
— Potrubi (pruméry: 1m /studend/, 0.7m /tepla/)
— Nizkotlaka turbina (200 ot/min), paraleni uspofadani (5m prumer)
— Tepeln¢ vymeniky (Cu, T1, Ti-povrch, Al-slitiny), koroze
— Evaporizatory (tryskove, plosne¢)

— Kondenzac¢ni jednotky (pfimé chlazeni vodou /misi se/, neptimé chlazeni vodou)
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OTEC — uzavieny cyklus

Warm Discharge
water in water to sea
l Working Working 1
fluid fluid
vapor vapor
Turbo-
EVaporator s generatnr—" Condenser
. 1
Discharge L Cold
water to sea {hﬁﬁer feed pump) water in

Vo -l
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OTEC — uzavreny, €1 hybridni cyklus, tepelné vymeéniky

Ammonia in Water out * Drahe
', « Koroze
T1

T1-pasivace
Cu-shitiny (INH3)

Liquid Al-slitiny
Ammonia

{

Water out i Water in

1 Ammonia
VAPOF iM e

Ammonia out
a. Horizontal shell and tube

== Water in
b. Vertical shell and tube

Ammonia out

Seawater Ammonia liquid
c. Plate and fin d. Plate and frame



OTEC - otevieny cyklus
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OTEC — otevieny cyklus
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- Pl i .
OTEC — otevieny cyklus, Havai, NELHA (1992-1999; 210kWe)



Kondenzacni jednotka pro open-cycle
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OTEC — hybridni cyklus

Otevieny Uzavieny
+ H20 + EE
Steam condenser
fammaonia
vaporizer !—‘ : * Vacuum Pump
Sleam oL - Non-condensable
gases
- Desalinized
Spouts r—\ water
_\ Power
Warm seawater
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Moznost1 rozsireni

Teoreticky +/- 20° zS

Male ostrovni narody (drahy dovoz ropy, + dalsi produkty:
voda, potraviny, EE, ..., ekologie)

V roce 2010 muze byt lokaln¢ ekonomicka
— ostrovy v j. Pacifiku (dieselove agregaty, voda) IMWe
— Guam, Samoa (10MWe)
— Havai, 5S0MWe
— Mobilni zarizeni (Karibik, Pacifik, Indicky oc.), 40MWe+



Longitude

"'“ﬁ“!!".. e
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Tﬂmpﬂfﬂturn difference between surface and depth of 1000 m
Less than 18°C | I 22" to 24°C

- 18" 0 20°C

20" to 22°C | Depth less than 1000 m




Z1votni prostredi

Uniky CO2 (rozpustény ve studené motské vodé) ~ 7%
emisi z fosilnich paliv

Velmi maly negativni vliv

Produkce potravin z vody bohat¢ na ziviny a chudé na
patogenni prvky

Nutnost pumpovani velkeého mnozstvi vody muze byt
kombinovana s extrakci prvku, kovu, soli z vody



Vvyhody a nevyhody

Vyhody:
 Moznost 24 hodinove produkce EE bez vykyvu (solarni zdroj)
e Velmi maly negativni vliv na ZP

* Velke mnozstvi vedlejSich produktu:
— Sladka voda (piti, zavlazovani, zafizeni 2MWe ~ 4300m? vody/den)
— ,,Morfske zemedélstvi® — potravinova sobéstacnost
— Ochlazovani (klimatizace)
Nevyhody:
— Velka technologicka zarizeni

— Omezeno geograficky






